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Abstract Thermal contact resistance plays a very important role in heat transfer eﬃciency and
thermomechanical coupling response between two materials, and a common method to reduce the
thermal contact resistance is to ﬁll a soft interface material between these two materials. A testing
system of high temperature thermal contact resistance based on INSTRON 8874 is established in
the present paper, which can achieve 600◦C at the interface. Based on this system, the thermal
contact resistance between superalloy GH600 material and three-dimensional braid C/C composite
material is experimentally investigated, under diﬀerent interface pressures, interface roughnesses
and temperatures, respectively. At the same time, the mechanism of reducing the thermal contact
resistance with carbon ﬁber sheet as interface material is experimentally investigated. Results
show that the present testing system is feasible in the experimental research of high temperature
thermal contact resistance. c© 2011 The Chinese Society of Theoretical and Applied Mechanics.
[doi:10.1063/2.1105109]
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Thermal contact resistance plays a very impor-
tant role in many ﬁelds including aerospace structures,1
microelectronics,2 internal combustion engineering and
nuclear plants.3 Thermal contact resistance is primarily
caused by the imperfect contact between two surfaces
due to the presence of microscopic asperities charac-
teristic of engineering surfaces, and it has been widely
studied by using the theory, computation and exper-
imental method recently. A predictive model for esti-
mating thermal contact resistance between two nominal
ﬂat metallic rough surfaces had been developed and ex-
perimentally validated by Singhal et al..4 Fieberg and
Kneer developed an approach to derive the thermal con-
tact resistance under high temperature and high pres-
sure conditions based on transient infrared temperature
measurements.5 Shojaefard et al. proposed a numerical
estimation technique of thermal contact resistance in
contacting surfaces.6 Temizer and Wriggers developed
a computational contact homogenization technique at
the ﬁnite deformation regime to predict the macroscopic
thermal response of contact interfaces between rough
surface topographies.7 Bahrami et al. reviewed the ther-
mal contact resistance in a vacuum,8 they divided the
problem into three diﬀerent parts: geometrical, mechan-
ical, and thermal. Each problem includes a macro- and
microscale subproblem, existing theories and models for
each part are also reviewed.
It should be mentioned that former researches al-
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ways focus on low or intermediate temperatures, in or-
der to study high-temperature thermal contact resis-
tance, a testing system is established here, and this
system can achieve 600◦C at the interface. Based on
this test system, the thermal contact resistance be-
tween superalloy GH600 material and three-dimensional
braid C/C composite material is experimentally inves-
tigated, under diﬀerent interface pressures, interface
roughnesses and temperatures, respectively, the eﬀect
of carbon ﬁber sheet as the interface material is also
investigated here.
The facility is based on INSTRON 8874 high-
temperature material testing machine and consists of
a test column, a loading system, a heating and cooling
unit and a temperature measurement system, as shown
in Fig. 1. The test column is composed of ﬁve com-
ponents: a heat source, heat and force transfer bar,
14 thermal couples, 2 test specimens, and a heat sink.
A radiation shield made of Zirconia (ZrO2) is placed
around the column to minimize the radial heat loss
from the test specimens. For the tests conducted in
the present work, the heat ﬂow direction is from bot-
tom to top. Heat generation is accomplished by means
of electrical heaters which can achieve 1500 K in 10 min.
Heat is extracted from the top of the test specimen via
the forced cooling system of INSTRON 8874.
A compressive load is applied on the specimens by
a simple hydraumatic system, the temperature of the
specimens is controlled by using circulating cooling wa-
ter overhead the top specimen and a heater at the bot-
tom specimen. The K-type thermocouples are mounted
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Fig. 1. High-temperature thermal contact resistance test
system.
Fig. 2. Carbon ﬁber sheet interface material.
in holes drilled perpendicular to the axis of symmetry
of the specimens. All the thermocouples are connected
to a data acquisition system, which is composed of 32
channels and interfaced to a notebook computer. The
data acquisition system can output the temperature his-
tory of each thermocouple.
Cylindrical specimens (30 mm diameter and
400 mm length) are made from GH600 and three-
dimensional braid C/C composite. The conductivity
of C/C composite material is assumed to be a constant
value of 66.1 W/(m · ◦C), the conductivity of superalloy
GH600 varies with temperature.9 The surface roughness
of the specimen is tested by Talysurf 5P-120 surface
topography instrument made by Rank Taylor Hobson
Company. The surface roughness of the C/C speci-
men used in the present investigation is 26.3 μm, and
the surface roughness of the GH600 specimens used are
49.7 μm, 36.2 μm and 0.532 μm respectively.
It is also noted that using interface material is a
common method to decrease the interface thermal con-
tact resistance. In the present research the interface
temperature can reach to 900 K, so ordinary interface
materials such as thermal greases and phase-change ma-
terials are no more valid here. Instead, the carbon ﬁber
sheet is used as the interface material in the present
experiment, as shown in Fig. 2.
In the present research, diﬀerent layers of interface
Fig. 3. Location of the thermocouples.
Table 1. Coordinates of temperature points.
No· 1 2 3 4 5 6 7 8
Coordinate/mm 40 20 28 36 44 52 60 70
material under diﬀerent interface pressures and inter-
face temperatures are investigated in comparison with
the case of no interface material.
The thermal contact resistance is calculated as the
ratio of the temperature jump across the interface to
the heat ﬂow through
R =
ΔT
qn
, (1)
where ΔT denotes the temperature jump in the con-
tact region and qn denotes the heat ﬂux normal to the
interface.
The temperatures along the specimens, measured
along their axis by 14 K-type thermocouples, as shown
in Fig. 3, are used to calculate the heat ﬂux and tem-
perature diﬀerence at the interface. The temperature
of each point Ti (i = 2, 3, . . . , 8) can be experimentally
obtained by thermocouples, and the interface is set to
be point 1, with T+1 and T
−
1 stand for temperatures of
two sides respectively. Heat ﬂux between points i and
j can be obtained from Fourier’s law
qij = kij
Ti − Tj
xj − xi , (2)
where kij (i, j = 2, 3, . . . , 8) means average thermal con-
ductivity between points i and j, xi means coordinate
of point i, as shown in Table 1.
As heat loss is inevitable along the specimens, the
heat ﬂow through the interface is determined as the
average of the heat ﬂow through the two specimens
qn =
1
2
(q34 + q56) . (3)
We also mentioned that
q41 = q34 = k34
T3 − T4
x4 − x3 = k44
T4 − T+1
x1 − x4 . (4)
Then we can deduce the temperatures at the both
sides of the interface
T+1 = T4 −
k34
k44
x1 − x4
x4 − x3 (T3 − T4) ,
T−1 = T5 +
k56
k55
x5 − x1
x6 − x5 (T5 − T6) . (5)
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Fig. 4. Variation of thermal contact resistance with average
interface temperature under diﬀerent interface pressures.
Fig. 5. Variation of thermal contact resistance with average
interface temperature under diﬀerent surface roughnesses.
The temperature jump ΔT is deﬁned as ΔT =
T+1 − T−1 , then the thermal contact resistance can be
experimentally determined by Eq. (1).
Figure 4 shows the variation of thermal contact re-
sistance with interface average temperature and inter-
face pressure.
As can be seen from the results in Fig. 4, thermal
contact resistance decreases with increasing interface
pressure. As the contact pressure at the interface in-
creases, the contact asperities deform further in addi-
tion to new asperities coming into contact, which in-
crease the amount of actual contact area. The solid
spot contribution to thermal contact conductance cor-
respondingly increases. At the same time, with the
increase of the interface temperature, thermal contact
resistance decreases because of the rapid increment of
interface radiation heat transfer.
In order to investigate the eﬀect of surface rough-
ness to the thermal contact resistance, three GH600
specimens with diﬀerent surface roughnesses under a
constant interface pressure of 17 MPa are tested, and
variation of thermal contact resistance with average in-
terface temperature under diﬀerent surface roughnesses
is given in Fig. 5.
Fig. 6. Comparison of thermal contact resistance with vs.
without interface material.
As expected, thermal contact resistance is found to
increase as surface roughness increases. As the surface
roughness increases, the number of contact spots and
the real area of contact decreases, thus allowing for less
solid spot conductance across the interface. The ther-
mal contact resistance decreases with a 97% drop for a
decrease in the nominal surface roughness from 49.7 μm
to 0.532 μm at 550 ◦C under 17 MPa.
The eﬀect of interface material is also investigated
herein, Fig. 6 shows a comparison of thermal contact
resistance with vs. without interface material under
diﬀerent interface temperatures and interface pressures.
It ﬁnds that for two layer carbon ﬁber sheet inter-
face material, interface material has almost nothing to
do with thermal contact resistance if interface pressure
is less than 17 MPa. As two layers of carbon ﬁber sheets
mean an extra interface between the two layers, which
may counteract the eﬀect of decreasing the thermal con-
tact resistance itself, and this is the reason why we use
multi-layer materials for heat insulation. At the same
time, for one layer carbon ﬁber sheet interface mate-
rial, if interface pressure is more than 17 MPa, then
the thermal contact resistance can greatly decrease from
2× 10−4 m2K/◦C to 7× 10−5 m2K/◦C at 550 ◦C.
This study provides experimental data which can
not only be used to determine the thermal contact resis-
tance of superalloy GH600 and three-dimensional braid
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C/C composite material with interface material carbon
ﬁber sheet under diﬀerent circumstances, but also pro-
vides additional information for use in identifying the
important parameters governing the thermal contact re-
sistance in the presence of carbon ﬁber sheet. Based
upon the experimental results presented here, several
conclusions can be made. First, the present test system
is feasible in the experimental research of high temper-
ature thermal contact resistance. Second, thermal con-
tact resistance decreases with increasing interface pres-
sure and temperature, while increases with increasing
surface roughness. Third, using carbon ﬁber sheet as
the interface material can decrease thermal contact re-
sistance just with an optimum thickness and interface
pressure.
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